The origin of surface core-level shift (SCLS) of Pd thin films on Pt (111) substrate is investigated. At sub-monolayer coverage of Pd thin films, the splitting of Pd 3d core level peaks indicate the contribution of both initial and final-state of photo-ionization processes while no change on valence band (VB) spectra is found. When the coverage of Pd reaches to single monolayer, the final-state relaxation effect on the Pd 3d vanishes and only the initial-state effect, a negative SCLS, is present. Also, the VB spectrum at Pd monolayer films shows a clear band narrowing, that is the origin of the negative SCLS at monolayer coverage. As the Pd coverage is increased to more than monolayer thickness, the Pd 3d peaks start to show the surface layer contribution from second and third layers and the VB spectra show even narrower band width, possibly due to the formation of surface states and strained effect of Pd adlayers on top of the first pseudomorphic layer.
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Introduction
From the many years of studies on chemical properties of the bimetallic surfaces or alloys, x-ray photoemission spectroscopy (XPS) and ultraviolet photoemission spectroscopy (UPS) measurement have been proved to be powerful sources to provide not only the detailed element-specific chemical information, but also the electronic structures of reacting metal surfaces [ 1 , 2 ] . While core-level spectra from XPS can distinguish various chemical properties on the surface from the analysis of surface corelevel shift, the density of state (DOS) measurement from UPS can provide the detailed information of electronic structures from valence band (VB) spectrum [ 3 ] . However, due to the complexity of photo-ionization process, careful attentions need to be paid when it comes to interpret subtle changes from the measured spectrum and assign the peak positions to certain physical and chemical origin. Especially, an accurate interpretation on surface core-level shift (SCLS) from XPS spectrum is essential to understanding on structural and chemical information on participating elements. In general, to explain the negative SCLS, lower binding energy, of deposited metal films on various foreign metal substrates, the idea of initial-state band narrowing effect from the reduced-dimensionality of surface layer has been suggested and confirmed in many experiments [ 4 ] . 
Experiment
The entire photoemission measurement is carried out at Advance Material
Chamber, located at bending magnet beamline 9. per 7 minutes, which was calibrated with applying quartz crystal microbalance measurement and intensities of XPS core level spectra. During the deposition of Pd film, the chamber pressure was kept under ~5 ×10 -10 torr. and sample temperature was at room temperature. Scienta hemispherical electron analyzer (SES100) was used to obtain the XPS/UPS measurement and total energy resolution of spectra, including photon energy, 5 was set to less than ~0.1 eV. The acceptance angle for incoming electrons is ( + ) 5 o degree. All experimental data were taken under the pressure of 2 ×10 -10 torr or less.
Results and Discussion
In Fig. 1 Pd "bulk layer", and a Pd surface layer. In Fig. 1 (b) , there are indicated two arrows on the 3.0 ML Pd spectra. The high binding energy peak represents the surface peak and the other arrow indicates contributions from the subsurface layers, namely the above mentioned "bulk layer" and the interface layer. In addition, it is well known that Pd films on Pt substrate first forms a pseudomorphic layer on the surface and then creates twodimension islands on first adlayer, comparable to Stranski-Krastanov growth mode [ 9 , 10 ].
As a logical step to investigate further on initial-state band narrowing effect, the VB spectra are measured simultaneously. In Fig. 2 , the VB spectra are shown as the thickness of Pd thin films is increased. The photon energy of 90 eV is used. Several photon energies are tested and the fine features of VB spectrum are more pronounced when the photon energy of 90 eV is applied. From the Fig. 2 , it is rather difficult to find 7 any significant changes in the VB spectra at sub-monolayer coverage of Pd thin films.
All the main features from clean Pt surface remain the same. As the coverage of Pd adlayer is increased to 1.0 ML, the small feature at 5.3 eV from clean Pt surface starts to disappear and the trace of the feature is completely vanished at 3.0 ML coverage.
However, all the main peaks and its shape of entire VB spectra of Pd adlayers do not show any noticeable changes from clean Pt VB specturm as Pd coverage is increased up showing little changes in the VB spectrum. Then, once the Pd coverage reached to 1.0 ML, a clear initial-state band narrowing effect can be seen. However, the width of the VB keeps on decreasing even after monolayer coverage of Pd. According to the picture 8 of initial-state band narrowing effect from surface states, the width of surface VB should reflect the degrees of localization of electron. In other words, the width of VB should be narrowest at a first ML coverage and should start to increase as the thin films forms multilayer structures. However, the trend from Fig. 3 shows exactly the opposite case.
The VB gets narrower as the Pd layer is increased even further than single ML. . In current system, the lattice of pseudomorphic Pd adlayer is stretched upon the lattice of Pt substrate, and this stretched lattice can be the origin of the narrow band width from the VB spectrum in Fig. 3 . In fact, it has been well known that the strain effect between adlayer and substrate, caused from the lattice mismatch, can generate unique chemical properties in electrochemical study [ 14 ] . Finally, 9 the even smaller band width at higher coverage of Pd can be explained with the formation of surface state from second or third layers on top of the first pseudomorphic layer of Pd films, in addition to the extension of stained effect from the first monolayer. As mentioned previously, the surface state causes the narrow band width due to reduced dimensionality and the formation of surface state can be possible even at small coverage of layer.
Conclusion
The SCLS of Pd thin films on Pt (111) surface has been carefully studied. At submonolayer coverage of Pd, for the first time, both final-state and initial-state effects are observed from Pd 3d core level XPS spectrum. At single ML coverage of Pd, the band narrowing effect, which is originated from a) the formation of ideal two-dimensional Pd surface layer, b) the small lattice mismatch between Pd layer from Pt substrate, is clearly seen from VB spectrum. Also, Pd 3d core-level spectrum shows a sharp negative SCLS at single ML coverage of Pd, which is directly related to initial state band narrowing effect. The measured all VB spectra show no significant changes from the Pt VB spectrum, suggesting the unique hybridization between Pd adlayer and Pt substrate. The narrower band width at higher coverage of Pd is understood with formation of surface states from second and third layers on first Pd pseudomorphic ML coverage on Pt surface and extension of stained effect from the first ML. The Pt 4f 7/2 and Pd 3d 5/2 core level spectra are shown as a function of Pd coverage on Pt (111) surface. The photon energy (hv) is set to 450 eV and electron detection angle in XPS is set to normal to the surface.
Fig. 2
The valence band (VB) photoemission spectra of Pd on Pt are shown as a function of Pd coverage. The incident photon energy was set to 90 eV, and the experimental geometry is identical to Fig. 1 spectra.
Fig. 3
The d-band centers and widths of valence band (VB) spectra from 
